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(54) SIMULATION METHOD FOR ELECTRONIC CIRCUIT 

(57)Abstract: 

PURPOSE: To provide a highly accurate verification 
method of an electronic circuit by using an equivalent 
electronic circuit capable of simultaneously 
expressing the output resistance of an active element 
and the frequency dependency of mutual 
conductance and performing high frequency analysis 
in a gigahertz band. 

CONSTITUTION: The current value of a voltage 
controlled current source 444 is controlled by a 
voltage VI 3 between terminals 11 and 31, a DC bias 
voltage V4 between the terminals 1 1 and 31, a change 
voltage V5 (=V13-V4), the voltage V23 between the 
terminals 21 and 31, the DC bias voltage V6 between 
the terminals 21 and 31 and the change voltage V7 
(=V23-V6.) At the time of DC the V5 and the V7 are 
zero and the current value of the current source 444 
becomes zero. However, in the case of being 
accompanied by timewise change, the current value of 
the current source 444 is controlled corresponding to 
the values of the VI 3, V23, V4. V5, V6 and V7. 
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(54) {?m<J>4£,m «^-lHl?ft®'>5j.U'->'3>:;&ife 

(57) [^*«J] 

- 3 1 fi\<r>mm.v \ at. 11-31 ^(Dm.m.y<'< 

r^mjaEV4 ^-fk^VS (=V13-V4) 

1-31 ^roSJEEV2 Si, 5S^^2 1-31 m<D 
ii:jSE^<-I'T^m/IV 6 ^-fk^V 7 (=V23-V 

6) (cioxsWiSriirTtPo mMm\a-iv 5 hV 7 \t 

r^S'fk*#5^»iV 1 3 . V2 3. V4. V5, V 

So 
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1 <hiS^2<?:>Pfl{c/>;t< i t> i {@comSKai3 i^^^^m 

$^^2(?:>r«ico^^r«^miE^^b. sSig^i tn^^:^'f-2(Dm 

1 t^^2(Dm\c<i^^j:< thim(Dmmm.3^m-rhm 
ti&^2(7:)m(Dmmy<'<T^mmm4Ru. n^^'pitm 

1 t^^2<Dmc^pts:< th\m<r^^mM3^m-r^m. 

^[HlS§T*fco-c. §SSijEi^3coS*f[ffi;^5, ^iS^ i tf$. 

^^2t\'X^fi:^u^At. tk^i- A ^ 
[fi*ii5] 4^fj:< th3mu±(Dm,m^'^^m^^m 

^^<DmMM^^pfS:< i t 2f@J^±^tf^-Wm^[HlK^ 



(2) 4#I3¥7 - 1 2 9 6 5 6 

2 

[fi*ii6i ^pf^< kh2mu±.(^m.m^^^^^^m 
\ t^^2(DmK{i?^fj:< t^im(^mMm3±m\^. 

o^^$£jg3com$Efit^^ d^?i< 211c^ag^4 

[0001] 
[0002] 

[0 0 0 3] —m^im^m^co ^ ^ ^ jcij^v^-c^ffl 

t-^i'o H 1 ^C*5V>-C 10, 20, 30 n-^eti-Fttsi^ 

■CfeSo 110, 120, 1 3 0 Ki^Y 
^—h. y—:^CO^±1&mX$:>^. 3 1 0, 3 2 0, 3 

3 ofi-^t^-etiKu-Yv. ^^'-h, y-^t^s^-^r^^^ 

^[H]SS^^t?-ro IEl2^c:fct/>T2 12, 11 2 ft-iE-ih.-^* 
30 tl^- h' KU-f >'Pp1CO^fiS.affifit-Cfe'!5. 2 2 3, 

12 3 \±^n'eri^- h • y-^^p^co^iLSt^ffistT-^ 

2 1 3tiKl^-r>'- V— ^Ffl<^^aT*&"9. 4 1 
2, -4 1 3, 4 2 3 JtmffitCi i9^Jffll$Jx6m«SIS-e$> 

So 

[0 0 0 4] ^$5t5. KU-^^' • y-^PflS5E^*^:5-t-m 
JEE^ii^^Sc2^4 1 3<75^ifffitSl(V2 3, V13)}ia, 

[0 0 0 5] 
(l&l] 

40 

Il = iff{V23-Vth)b+A •V13)tanh(a • V13) "-(^l) 

[0 0 0 6] rr-cvi 3t^«^3 i ^c^-f-siSi^i i 

V2 3»-iffl^2 3fC^-f S$S^^2 ICOmjS. V 
[0 0 0 7 ] mi COm^lHlKt^. G a A s ^b^^^^f^ 

^rffl Wcmi^^b* h y >^J^:^i^\c:jf6^>xmmf)^^ 1 > ;tr 
50 ffiStco;^SScflc#i±(7>7ii.>^2(^m^lE]Ktcafe?iJtc, m 



(3) 



WmW-l - 1 2 9 6 5 6 



[0 0 0 8] mi(Dmn\B}m±=^i^^ hu:^^^ 

— .^5 2 SMf>^<bm5 2 9M (1 9 8 5) (Electroni 
cs Letters, vol.21. No. 12, June 1985, PP528-PP529) 
(;::^oV^-c^l:e>l^. IS 1 fir >r -f' T— . h 

r>^K X-i5^::ii/^,^44 8Mf)^^m4 5 5M (19 

8 0) (IEEE, Trans. Microwave Theory And Techniqu 
es, vol.inT-28, No. 5, May 1980, PP448-455) fC:feV^-C 10 

[0 0 0 9] 

eti 9 9 t^m2 9 9(D^m^^i ^^^yuy&.r\c^ 

^-r^m^. htSl 5: y hyufc«-LTSS2 9 

9 cofflfi 10 0 -^-f ^u-77y y KtJt±cofii;d5;^^^-efe 

^^^^ g in<7:><gj^sr*coj^iS^ft#i4^^m-#- ^^ti>^ 20 
X'#7:^v^rc^. miSOt^S^ct^J^iKISM^T'cT:) K^'Y>' 
[0010] -;6r. ^ 1 T'fliS^- h S K 

[0011] ^^m^^.wmy.vtWkm(Dmi&^m^x 

[0 0 12] 

[0 0 13] ^^>tC^fflai4 1 3C0^JfflI^<^ Ur. 40 
[ 0 O 1 4 ] 

Iss =fl(V4,V6)xf2(V5)+f3(V4.V6) xf4(V7) 
[0 0 2 2] rrr-f 1, f 2, f 3, f4^l^i^^'i^ 

V4<bV6, V5. V4^V6, V 7 fClBi LTiS'^^J-^ [0 0 2 3] 

tcn^u^-^m^m^x'h^ ^ &:4^mfc'ri:>(7^t-r [§r4] 



[f^ffl] mrc\cmnLrcm.mm^±m^m<7^m^ 4m(D 

[0 0 15] — Ilffi^^4 1 sco^Jiai^^iz^^^co 

[0 0 16] 

[0 0 17] m:mm<7:>^\a^mmm=Ft\^xm^^^h 

[0 0 18] :^^m\^^^^ ^mmm=F<o^mm.^^^^ 
m^Km-to m^\c1i6^^^xM,m^(D^^■2\^mtimJ^t 

'=F<D^mM^\Bim. ^j;tt^(^2com^iH]ss^^*3>-f 

<hi-^o VI, V2, V 3 ^Bgtb^^^om^l*^ 1 0 , 

2 0, 3 O^/hfi. P^ffiiS^l 1 , 2 1, 3l(Dm&t 
V4, V5, V6, V7 ^^2X^t:>^tl^m.J£m. 

[0 0 19] 

[IS:2] 



V4={VJ.V3) DC 
V6=( V2-V3) DC 



.V5=V1-V3-V4 
.V7=V2-V3-V6 



[0 0 2 0] :i:zXV4tV6(D^\Cioif-f^m^<DDC 

fcti^s^i 1 ti^^s im<Dm.m^<'<T^mm^^ ve 
}±f^^2o t^^s om. ^7ht±iffi^2 1 ^ig^3 1 m 

^ThtliS^i 1 t^^s im<7:>m^^<^T^m&\cMi- 
^^^(bSEEfit^s V7 tliS^2 0 <tS&^3 OF^^. ^Thti: 

igi^2 1 tij^^s im<7:>m.my<-^T^mm^M-f'^m^t 

^JEffi^S^:>'t-o rcO4<Bc0SEV4, V5, V6, V 
7 *ffll/^'CSfMt^«-ADU7tS!£SJi^^ffiJ^4 4 4C0l:^g 

[0 0 2 1] 

[®:3] 



•(3a3) 



(4) 
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V5>0 : n(V4,V6)Xf2(V5)>0 
V5 < 0 : fl CV4, V6) X f2(V5) < 0 

V7>0 : f3(V4,V6)Xf4(V7)<0 
V7<0 : f3{V4.V6)Xf4(V7)>0 

f l(V4,V6) x-^22I>o f3(V4,V6) x-^^?^<0 
d(V5) ' d(V7) 



-(^4) 



f2(V5=0)=0 ,f4(V7=0>=0 
[0 0 2 4] gi3fc::^oV^T^S^l 1 ffi^2 

1, 2 1, 3 1 ^^e)^7tai;^S6Lrouti:^gS=i>'i5^^ 
[0 0 2 5] 

ims] 



gm^gml 
rout=ioutl 

[0 0 2 6] 

gm=gml+ f3CV4,V6) x 



> 



•(^5) 



d(f4) 
d(V7) 



rout: 



=froml n(V4,V6) x ^^^^ 



[0 0 2 7] ^4(D^mz^^ ^ tfi^ffifeL. 

6o ^3CD^-ffi^^[H]S§^fflv^^r <t{cj:(9. th;^fi 

[0 0 2 8] ±f£(7:)V4, V5, V6, V 7 ^# 

[0 0 2 9] mmmi ti^x^ 
\Emmm<^'^. mz(r>^^\ 0, 20, 30. -sfcf^is 

Til, 2 1, 3 1 OlEMmfifcV 1 (DC), V2(DC), V 
3 (DC) ^ V- 5: ^ l-—^ P^Sfi5cO|a«3^®rt(ClS^ LT:fc 

Kfriaig^Bp^fc^&i^LThSatSffiV 1 (DC), V2 

(DC), V3 (Dc)^Ka^#M-f-5cb i:t.tci:fii:v 1, V 

2, V3^<tmb-C»4COff»^v-^^U-^F^a5T*5 

mt5r<t{-i:«?V4, V5, V6, V7^#^ri:;d5 
T*^. rcD:frfe^^£v^^3c^^•ffim^lHlK^ffl^/^-C. m 



10 c), V2(DC), V3 (DOcof^t^'O ii:iSmjEV4 i V 

6 ^ ^ ^ ^ ascoiss^ap^ \^xhx.^\ 
V4, v6(^2iii<75[i:5S^<><r;^mjE<* 

[0 0 3 0] |ltg^|2«hL-C. ll4{OTt-t-m^[H]SS^<5g 
fflbTV4, V5, V6, V7^^^aif iifC^l;?. 

20 cD:^1f^»W (^F^ffl«. ^7hf±il&^®^^W) 

v^T. l'^-^'^^^^^^?i^_bi:V^5#p^tc::^#v^B^S^>^W 

z,<Dm'^^nt brsfiti 5 0 i:^^2 5 0 tmmm^^ 

[0 0 3 1] 
30 [?gC7l 

T^RxC •••(3&7) 
[0 0 3 2] RCO^Ii: UT 1 0 0 ^n;^— A^±T\ C 

[0 0 3 3] El 5 \cmm^:^^r >':/co^ffim^[H]ss^ 

3 \cn't^^=F 5 0 (DSJEE;i^ 5 3 tC^i-^SlHffl 

4^7)mJs^c^bv^;m^-^J^Bl$i^. -:*mffi^jfflimEE 

^5 5 1 tcj: t)5g^5 2tC^-f5iS^ 5 0OmjBE;55, 
[0 0 3 41 ^4<75ffl5>|HlK^2<Sfflgb. ^COp-^cO 

im(Dm'A\B\mA\c^^^xnAtf^^5 i^iii3o«^ 

xnA:hi^^5 1 ^^3 coffin 2 O^fcl^ 2 1 Kms^ 
^iiiffi^S 2^gl3C0$g^3 0-^7tH3 1 JC^^-f 
S^lHlK AC^*a^^^ 5 2\CM'r^thtliJ^^5 3 CO 

SEEt^ii:5£>'<^r;^^V4tc^b<. a^>[H]SSB<o* 
50 iiiffi^s 2tc^i-^m;^SS^5 3comEEt^iEiSfc^WT^ 



7 

ssB <Dmt}f^^ 5 3 ic^sA;^$g^ 5 1 (Dmmnm 

[0 0 3 5] mmm 3 1 Lxmrnm 2 x(Dm^\Bim<r)i^ 
t>^\cm6<D&m.i 5 0 t^m2 5 0 tmm&^:t^r>^ 

:^3\cXhm^\Bim^{^mLxv 4, vs, ve, V7 
^«^£ti-f^;!ii{cj: , ms<7:>^mm^\3im^m\^^xm 

^[HlSS^^l/^^o ^6 0O«5J'[HlSS^§|:ffi^j2 ^f^1t(C2 
Setl 5 Oc^tlR cl: LT 1 O O^n;^— 

coffir% ^52 5 ocottc ^ bT 1 -^-Ti^ D y'r^y K 

fc^F^tCV4, V5, V6, V7;6?^^ix. tf^L^a^^dS 

^5 2(Z5mmtmffi^Wr^m£EV4^fcf^V6tC^b 
< . A>J5SS^5 1 i:tti;^«S^P5 3 coUfficD^pt^i^^bllffi 
V5^^cftV7tC^LV>o ^/ca^J^SSSCQ^^^:^, tti 

I. T ^SSttt ^ o T IIB^07^>' <^ Wtt i -gc-t" 
^lHlK^fflVN5*:^ffi^j3t-J: , d3;^®m. fflS^:/ 

[00 3 6] nmm 4 v.xmm 2 x(Dm^\Bim(oi'^ 

:b'9tC^7 0S!*/^S^l 5 0 ^^fi2 SO{cX^m^ 

[E]K*^5efflU-cv4, V5, V6. V7 ^^ttii--6::<h 
^3c^^ffiS^[E]^^ffl^/^-cm^^lHl^^z)v'^^ 

j^i^±(Dmx\ 2 5 0 c ^ uTi -^-r ^^yr 
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^s/ KA^TcO«T'^7-ca:*S^5t^^U-^-ri5^n|j?il^ 

SCOa^SKi fc^^[-V4. V5, V6, V7;5S4i^ 

2fc*|-i-Sttl^^S^5 3<^^tmiK^<-rr;=^mJBEV4 
^fcit^V6tc^U< . tii;^ffl^5 3{c?fcti-6A;'3SS^5 
l<Z>mjBEfi^{fc:mjBEV5^7htiV7tc:^L.v\ ^7hS5> 

\>w^^nwim\L\^n\^x^m&.tfi:'o . -^^-^w^^o 

J^^^^i^*) ^^Igi-t-So 1^±. 1113 7 
^ffl^ii:fc^ffi^^lH]K^ffi(/^5;*:||J£^j4tci: 19. Hi 

4, v6co2®coii:ffi^<-rr^mjBE^fe:i?tt^#ji:ufc:m 

20 [0 0 3 7] HSg^J 5 t Ur . Hife^J 2 X<Dm^^lB]^<D 

ft:b tcjgi 8 coffist 1 5 0 ch^a2 5 o fmEEmmmm, 
m4o of)^^fj:^m^\3i^^mmi^xv 4, vs, v 

m^^mnmmm4\c:i6\,fhm6^^m mi) <7:>Ati^ 
i:mB^ummwLm4 0 oxmmi^rc\B\^xh^ ^ 

i^5 2tC^-t-5A;^F«^5 ICOSBE^VO (TjC/U-h) , 

^^2^4 0 o(Dm.mm^ i o (r^^-^r) . sfeti 5 0 
30 4 0 0 ^ ii-^o 

[0 0 3 8] 

ms] 

[0 0 3 9] ll8(7:)a5>[H]S§^IISS^?i]2 ^fs]^[^2<@ffl 
V\ ffifetl 5 0COfigR<t LT 1 0 0 :^d;^— i^iU±cOfiS 

r\ ^42 5 ocofii:ciu-ci-^-r^n:7r^iy 
o<tT'» 7 -cat* ^ ^mm^ i-^^^u ^&.± 

5 f-^^-r 6 :i J: «!} . HJE^J 2 ^USSfi^J 3 offi^J^lH] 
40 KJ: tS^t^V4, V5, V6, V7;65#^n. fi-g 
S]4i;6S5fe#^?ti6o ^7 d^oV^x^iii^^S 2tc^-t-s 
ai:^^ffi^5 3<:omjBEf±ia:«t^<^r><:mEEV4*7tf:iV6 
t::^L<. tti;'jiS^5 3(::^5A;^aST-5 1 coSffifi: 
^^t:^JEV5*7hfiV7tC^UV\ *7ha5>iHiescoB#^ 

m^mt\c^\^xm&m^tfi:-DXm:^.^y^y<^ 
50 t-i5:-t-S<75-c% ^;^/-^/^:y«;6^^ig5E®«*T'CD^la?> 
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V^^i5^>-^(^j^^S|gc<S#{-:fc*{-j-SV4, V6C02 

[004 0] mmmeti^x. m9(Dm^\B]^=^mmL 

TV 4, V5, V6, V7^^m-f Sr<hf^ct*9. ^3 

(?:5iffi^^3 0*^cfl3 1 tcgS!$n^o *>5ietoS9co 

2 1 fCft^^tl,. $S^5 7fi^3COfflT-3 O^ThfiS 1 

{c^^^nso a^iussy oof:iiiffi^2^7tf^ii*£^j 

n-t^At}^^ 5 1 <Dmmf>^ii^^ 5 7 5 6 

X ^ a^^lHJK 7 0 0 P^O^a 2 5 0 10, 20, 

3 0. -^fcf^SS^l 1, 21, 3 1 ^^^S^&^(cPlgS^? 
tt^fca??. m^\B}^7 O Of^tTl^lgfiLl 5 0(7::)itR<!::^a 
2 5 0 (OmC^-tWc 7 T-*^ -5^^'®:;$5 1 -^^r ^ Dg>i^Ji 

J: 5f-^^i-nf^<t< . cco^lf^ i iJ^ n :7r 

mm^^ x<Dmibxfj:^i^xcDn-m-^m^ t ^m-^mm 

^5 7 i^ili^^S 2^4^T-5 6 <tA;^iS^^5 1 CO:©^ 

fflS::i>^^i^c?^>^;:^<?:)mi^fe#f;i:jaft^V4, 

[0 0 4 1] mmmi t uxm i o \^7r:-t^mm^^m 
1. ^fc}^mmm2^ ^fc}±'mmm3. ^fc.\±mmm 

^^^o MMMA 4 4<Dm.mm\^8 0 0, 9 0 0;ei^^*^ 

mv5{cx^ms{cm^x»m^ri^o ^^xve^~ 

^ (ffi^3 l(c^-f^iS^^2 lomffi. *7hf:iSS^3 

otc^-f-^$ss^^2 0(75mjEE) ^mm-r^^tK^y) ^ 
m^'mm^^^^xiEm^j:m^m^<D^iiL^'^mt-i-^c 
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[0 0 4 2] mmm s t i.xm 1 1 fc:;^i-^ffim^[HiK 

^kmi£iSr<^ili-rS;^ft8 0 0, 9 0 0 ^ LTfiHiS^J 

1. ^fLn^mm2. '^rc\^mmm3. -^rcnmmm 

V^5o ^ffiJ^4 4 4<:ol|ffiitH8 0 0, 9 0 od^t)*:^ 

• y-:^m<Dm[:mj£v5\cx^m3\cv^<:>xmm^ti 
x\ mt}miiffi<Dm&»tkm^^^f^^-h • y-^r^ia 

[0 0 4 3] mmm 9 1 l-ch 1 2 tc^^^ffim^sss 
^m^'^xm^m^(D\^^z^i^—u3>^:$o^fj:oo ^« 

>(kmj[£^ltiii-t-s:**f*8 0 0, 9 0 0 <i: brmii^^i 
1 . 7t ftujg^i 2 . ^ 7h finifs^^j 3 . * nmmm 

20 i/>5o ii:i5E^4 4 4<7?^iffi®ti 8 0 0, 9 0 0;e)^e>*:^ 

• y->^p^io^'ft;SJEEV7{cj; |^)^3^c^^o-cffl»$^^ 

[0 0 4 4] ^mm lot i^xm 1 3 \c7r^i-^mmm.]3} 

30 ^^fk^^^iH-f-s^-fes 0 0, 9 0 0 <huxf^mffi^J 

^^^o M&M4 4 4<Dm^^\±8 0 0, 9 0 Ot-^^H^^ 

V7 tdi ^^)#:3^r:^^oT$^J^$^^■5o rrT'V4^-^ 

coi^iS^ft^tczfonts^-- h • y-^F^iE^K^wr;:^^ 
JGEfife#+t*#lt(-An7tm^lHlK<^filliE^5-C^So 
t-*lllfS^Jl 0fc:fci/>xv4coftt?'9fc KU^^^ • y- 
40 ;^F^c^^ (^S^3 iJc^-f-sffl^i lOUffi. :^7hti 

"0. i^\%^mm^^^^xiEmsi%MM^(D^m^'^^h 
-f-So 

[0 0 4 5] USS^il 1 ^UT, ^SS«?»J7 tbUJE^iS^ 

ix— v-^Sorife^o «-ffi^Fplcoii:5E>'Wr>^. 
mjBE ^-(^ Wi- S ;6r}£8 o 0 irb-CflUlS^li. ^/t^lH 
ifS^j2. *:^hftlllSW3. ^7tJ^IIS£«^l4. ^fct^HSte 
^?*J5. "^7hf±m5S^J6tcjott6:6-)£?:fflV>So Kt-'O' 
50 • y-;=^F«^o^^b^v5J^. IISE«?iii ;6^^IIJS^]6^ 
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6) Oj¥|g:Oft/hit>^R k\^X^7 X^^^ 

-f^o "^Th Ku^^- • y— >t.r^ii:?3c>'<^r^^v4 i 

LT K ■ y— ^r«108 0 O^fflVN-f ^g2 6 O 

o$S^Fp^m^^V4 <!: LTffl^/^-cfcJ:v^o *:||ffi^J l l 

^3 1 tC^-f-S$S^2 1 COS:m. ^?^cf^$SS^^3 OtC^-f- 
[0 0 4 6] HJg^J 1 2 i bTgl 1 5 \c?j^-t^MM.^\B 

1 0^fflV>Tli:7Jfiai4 4 4 <^^»2 6 O COffi^JlHlS&^iS 

4 4 4 t^m2 6 0 (7:>m\B\m:^mti^mmtmi^^^mm 

-to :i:ixW^m5 1 o<D^f£}^, ss^5 9\cMi'^f^ 
^6 1 (Dmj£^m^5 8{CMi-^^1^6 o<Dm&t^i. 

2 6 0fi5ST-ii, 3 i:^^(bmn.mcmm^n^rci^. 

^a2 6 0(7:>ffic (:7r^?^K) It.^ 1^3 SBi^ 
f 2(V4, V6) coiie|g:coS/J^ffi«rR <t L 

T» 7 T'i^'^ ^ 1 -7 ^ ^ n ^i^± tt£^^^{c 
^m'ttii^X< . Cf^l-^-Yi5^n:7r Ktii-CbA^ 
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